Abstract The purpose of this study was to identify those factors that influence the outcome after conservative treatment of undisplaced fractures of the fifth metatarsal. This was done with univariate analyses and, for the first time, with regression analyses of day-to-day clinical practice. Thirty-eight patients were treated with plaster and periods of no weight bearing (NWB). Their mean age was 48 years. They were evaluated using the Olerud ankle score, with analogue scales for pain and comfort, and with questions about cosmesis and wearing of shoes. Six patients sustained a Jones fracture and 32 a tuberosity avulsion fracture. The mean period of NWB was 17 days and of casting was 38 days. Three Jones fractures and all the avulsion fractures were healed at the end of treatment. After a mean of 490 days, the global ankle score was 82/100. Ten patients reported problems with shoes and nine reported cosmetic problems. The linear analogue scale for pain was 2.11/10 and for comfort 8.42/10. Gender, age, and fracture type did not affect outcome. The most significant predictor of poor functional outcome was longer NWB, which was strongly associated with worse global outcome, discomfort, and reported stiffness. NWB should be kept to a minimum for acute avulsions of the tuberosity of the fifth metatarsal. 
Résumé

Introduction
Acute proximal fifth metatarsal (MT5) fractures are among the most common foot injuries [1, 3, 6, 7] . Little is known about the factors that influence the final clinical outcome. This is surprising when one considers that inadequate treatment of metatarsal fractures can cause painful plantar keratosis and metatarsalgia [12] . Other factors such as age, gender, fracture type, and treatment characteristics may have a substantial impact on the final clinical outcome. A better knowledge of these factors might provide better understanding of the impact of these fractures on the future lifestyles of these patients.
Therefore, the purpose of this study was to identify the factors contributing to clinical outcome among patients who had undergone conservative treatment. For the first time, this was done by multivariate analysis.
Materials and methods
The study design was observational, retrospective, and reflective of standard day-to-day clinical practice.
Fifty-five consecutive patients were treated for an acute undisplaced fracture of the base of the fifth metatarsal. Skeletally immature patients and those with stress fractures were excluded. Of these patients, 16 could not be contacted, and one was excluded because of secondary fracture displacement. Thus, 38 patients were available for analysis.
A fracture was considered an avulsion when it was located in the tuberosity of the styloid process of the fifth metatarsal without extension into the intermetatarsal articulation. For a Jones fracture, the fracture had to extend into but not beyond this intermetatarsal articulation [2] .
All patients were given a splint made of plaster of Paris in the emergency department and were instructed in nonweight bearing (NWB) on the affected limb for at least 1 week. Afterwards, the patients were treated by a number of different orthopaedic residents and surgeons. The further modalities of treatment were determined by each doctor according to his or her current day-to-day clinical practice. Specifically, the physicians decided for how long a synthetic cast was applied and how long the patient was not allowed to bear weight. Relevant data concerning patient characteristics, fracture type, and treatment modalities were collected from the internal data network and the archives.
The patients were interviewed to obtain information about symptoms and activity level by using a score that had originally been developed by Olerud and Molander for evaluating ankle fractures [11] . It was chosen because it was the only reasonably validated score that covers the aspects of outcome that we considered useful: pain, stiffness, swelling, stair climbing, running, jumping, squatting, use of supports, and ability to work and activities of daily living (ADL). Additional questions about residual cosmetic and shoe problems (none, minor, or major problems) and also about intensity of pain and general feeling of comfort [linear analogue scale (LAS)] were added. The pain scale ranged from 0 (no pain) to 10 (the worst pain one could imagine), and the comfort scale also ranged from 0 (the least possible comfort) to 10 (perfect comfort). Information about the mechanism of trauma was also collected.
We analysed the association between the characteristics of the patients, those of the treatment, and the final outcome measures with univariate analysis, without any adjustment for confounding variables, using the Student's t-test and the chi-square test or the Fisher's exact test as appropriate. Next, multiple linear and logistic regression were used to identify the variables that made an important contribution to the variability of the outcome scores while adjusting for confounding variables. Data analyses were performed using SPSS version 12.0 (SPSS, Inc., Chicago IL). Table 1 summarizes the final clinical outcome measures of the included patients.
Results
The mean age at the time of injury was 48 years (range 15-78). Eleven patients were men (mean age 32 years), and 27 were women (mean age 55 years). Six patients had Jones fractures, and 32 had tuberosity avulsion fractures.
Although most patients did recall an inversion trauma, answers about the mechanism of the fracture were so vague and incomplete that this information could not be included in our analyses.
The mean non-weight-bearing period was 2 weeks and 3 days (range 1-5 weeks), while the cast was worn for a mean of 5 weeks and 3 days (range 1-10 weeks). Except for the fact that Jones fractures were kept non-weight-bearing about a week longer than the avulsion fractures, we could not detect uniform criteria on which decisions about the duration of weight bearing, the duration of cast immobilisation, and so on, were based. Study of the medical records revealed that these decisions were based not only on repeat X-rays but also on the level of pain, the patient's preferences, and the clinical experience of the orthopaedic resident/surgeon.
In the avulsion fracture group, the fracture line showed a tendency to disappear radiographically towards the end of treatment in all cases. For the Jones fractures, this was definitely not the case in three patients. Nevertheless, they received no further treatment because of lack of symptoms. In both groups it was felt that the exact time to union could not reliably be determined retrospectively. This was, however, not the aim of this study.
The mean follow-up time was 490 days, ranging from 102 to 940 days. The mean result of the ankle score at the final follow-up was 82.4 (range 20-100). Of the 38 patients, ten reported problems with wearing shoes. For one of them this problem was important; the others considered it mild. Only eight patients experienced any form of cosmetic problems. The mean linear analogue score for pain was 2.11, and the mean score for general comfort was 8.42.
The univariate analyses showed the following results: The women were 23 years older than the men (p=0.0001). For Jones fractures, the NWB period was a week longer (p=0.02), and problems with stair climbing and jumping (p=0.009 and 0.006, respectively) were more frequent than after avulsion fractures. Patients older than 45 experienced more problems with jumping and running than younger patients (p=0.048 and 0.009, respectively). After this age there was also a tendency (p<0.15) to report more shoe problems and difficulties with stair climbing. In women there was a tendency (p<0.15) to report more problems with jumping. A NWB period of more than 4 weeks was associated with more pain, more problems with running, more problems with jumping, and a lower level of work and daily activities (p=0.038, 0.014, 0.030, and 0.001, respectively). A longer NWB period was also associated with a tendency (p<0.15) to report more shoe problems, more stiffness, more swelling, and more problems with squatting. A follow-up time of more than a year was associated with a tendency (p<0.15) to report pain more often.
Given these results, the following variables were considered for the multiple regression analyses: gender, age, fracture type, time of follow-up, and duration of NWB. The studied outcomes were the global outcome scale, shoe and cosmetic problems, and also five subcategories of the ankle scores (stiffness, stair climbing, running, jumping, and work ADL). Linear regression models were fitted for the continuous variables, and logistic regression models were fitted for the categorical variables of outcome.
The results of these regression models are shown in Tables 2 and 3 . These analyses point to a significant association (p=0.019) between the duration of NWB and the total ankle score, with a decrease of this score of 6.18/100 for every supplementary week of NWB, and to a marginally significant association (p=0.088) between the NWB period and the analogue comfort score, with a decrease of the latter of 0.58 for every supplementary week (Table 2) . Furthermore, a longer NWB period was significantly associated (p=0.045) with a higher incidence of reported stiffness (odds ratio 3.58) and marginally significantly (p=0.145) with a decrease of work and ADL level (odds ratio 3.18; Table 3 ). Neither gender, age, nor fracture type was associated with changes of parameters of global outcome (Table 2) . A Jones fracture, on the other hand, was associated statistically (p=0.045 and 0.042, respectively) and clinically (odd ratios of 40 and 24, respectively) with difficulty in stair climbing and jumping (Table 3) . Finally, a longer follow-up time was significantly associated with an increase of total ankle score and marginally significantly (p-values of 0.115 and 0.052, respectively) with a better pain and comfort score. These associations are, however, not clinically significant, with changes of 1/100 for the total ankle score for every 5 weeks of extra follow-up or 1/10 for pain and comfort for every 70 and 50 weeks of extra follow-up, respectively (Table 2) . Also, the clinical significance of the association between follow-up time and some subparameters of outcome (Table 3) is limited, with odds ratios around 1.
Discussion
Fifth metatarsal fractures are relatively common. However, scientific evidence about the best conservative treatment for acute tuberosity avulsion fractures is scarce, and the factors affecting the clinical outcome and prognosis of all proximal fifth metatarsal fractures are unknown [1, 5, 17] . Identifying those factors is useful in order to study their exact influence in future trials. These were the reasons for conducting this study. We analysed the differences in dayto-day clinical practice of several orthopaedic surgeons. In contrast to all previously published articles, statistical analysis was performed using multiple regression models (logistic or linear, as appropriate). This is the only way to better understand the intertwining influence of different variables on the variability of the outcome parameters.
The osseous anatomy of the proximal MT5 has contributed to subdividing fractures in this area into three fracture types [9] . The first type can be described as an avulsion fracture of a variable-sized portion of the tuberosity or styloid process. The second type is the Jones fracture, an acute transverse fracture of the junction of the diaphysis and the metaphysis (within 1.5 cm of the tuberosity) without extension distal to the intermetatarsal articulation. The third fracture is a diaphyseal stress fracture, a fracture of the shaft, preceded by prodromal symptoms [13] .
According to Jones, the mechanism of a Jones fracture usually involves body pressure on an inverted foot while the heel is raised. Kavanaugh et al., however, ascribed the injury to vertical mediolateral forces on the fifth metatarsal and not to inversion [8] . Inversion injuries commonly cause avulsion fractures at the base of the fifth metatarsal secondary to the pull of the peroneus brevis, whereas repetitive microtrauma may cause a stress fracture [12] . Unfortunately, in this study the data required to analyse the causal mechanism were not available. The finding that the women were significantly older than the men might suggest different fracture mechanisms in men and women.
In the literature, the list of possible conservative treatments for acute avulsion fractures is long, ranging from tapes to semirigid and traditional casts with different lengths of immobilisation periods [1, 2, 9, 13, 17] . For acute Jones fractures, the conservative treatment consists of casting and NWB [10, 13, 16] . In cases of symptomatic delayed or non-union of a Jones fracture [1, 4, 8, 13] , a Jones fracture in athletes [8, 10, 13, 14, 18] , or a displaced intraarticular avulsion fracture [9, 10, 14, 16] , treatment using open reduction and fixation can be performed.
Delayed and non-union are frequently reported after conservative treatment of Jones fractures, especially if the NWB period was shorter than 6-8 weeks [1, 6-8, 16, 18] . In our series, this was also the case in three out of six patients with a relatively asymptomatic delayed union at the end of their treatment.
By its nature, regression analysis provides the strongest evidence about which variables are linked to the different measures of outcome and to what extent. The most important factor allowing the prediction of outcome is the length of the NWB period. It is significantly associated with a decrease in total ankle score, with a higher incidence of reported stiffness, and marginally significantly with a decrease of the analogue comfort scale and with a worse work and ADL level.
From these findings, we can infer that the period during which the patient bears no weight on the afflicted foot should be kept to a minimum as far as acute avulsion fractures are concerned. Theoretically, it cannot be concluded from our series that early weight bearing results in a better clinical outcome, i.e. that a causal relationship exists between early weight bearing and a good outcome. The possibility exists that patients who have a good capacity for healing bear weight earlier. Because these patients could not be identified retrospectively by X-ray or other criteria and because many authors advocate weight bearing for avulsion fractures after oedema and pain subside, with good results, it can reasonably be assumed that the shortest possible NWB period results in the best clinical outcome [1, 2, 9, 13, 17] . The fact that this variable so strongly influences the global score, the comfort, and the reported stiffness after a mean follow-up of 70 weeks is surprising, yet important. Gender and age seem to be less important in predicting outcome because they were only marginally significantly associated with a single subparameter (cosmetic problems) and not with the overall result.
Likewise, the fracture type had no influence on the global outcome. This is surprising because our univariate analyses (stratification by fracture type) showed a significant association of Jones fractures with a longer NWB period, and our regression analysis showed an importantly increased risk for people with Jones fractures to report problems with stair climbing and jumping. These findings might perhaps be explained by the longer NWB period prescribed by the physician because of the bad reputation of this fracture type. Jones fractures are known to have poor functional results and a high non-union and delayed union rate, especially after less than 6-8 weeks of NWB in a cast [1, 5, 13, 15, 16] . The latter is illustrated by our series. On the other hand, we could not confirm the poor functional results of Jones fractures, probably because there were only six of them. Problems with climbing stairs and jumping suggest that high-demand activities can be problematic after a Jones fracture. However, the patients in our study were not athletic. The influence of the fracture type, especially on the ability to perform sports, might be a subject for further research. But this is not a reason to exclude the Jones factures from the current regression analyses. The purpose of this analysis was to study the influence of all factors that seemed important after univariate analysis. Furthermore, apart from a week of more NWB, the Jones fractures were not treated fundamentally differently. On the other hand, the conclusions of this series might be valid only for avulsion fractures.
In our series, strong evidence is provided that the duration of the non-weight-bearing period is the most important variable linked to final clinical outcome after an avulsion fracture of the proximal fifth metatarsal. No definite conclusions about the influence of fracture type on the final results can be made. The univariate analyses suggest, however, that its most important influence is on high-demand activities.
